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68. (New) The plasmid vector of claim 58, wherein 
said cytokine is interleukin-15 . 

REMARKS 

Claims 1-2 9 and 31-37 are pending, and claims 3, 4, 18- 
21, 29, 31, 32 and 34-37 are under examination. Claims 1-29 and 
31-37 have been canceled, and new claims 38-68 have been added. 
Support for the new claims can be found throughout the 
specification and the claims as filed. In particular, support 
for new claims 38-68 can be found, for example, in original 
claims 1, 3, 4, 18-21, 29, 31 and 32 and on page 6, lines 4-6; 
page 23, line 25, through page 25, line 6; page 25, lines 28-30; 
page 28, lines 13-3 0; page 33, lines 4-23; page 38, line 15, 
through page 39, line 11; page 46, lines 18-23; page 49, lines 
15-35; page 53, lines 18-21 page 58, line 1, to page 59, line 9; 
page 61, line 8; page 75, lines 24-27; and page 93, lines 17-19. 
Accordingly, these new claims do not raise an issue of new matter 
and entry thereof is respectfully requested. Entry of the 
proposed amendments is respectfully submitted to be proper 
because the amendments are believed to place the claims in 
condition for allowance. 
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For the Examiner's convenience, the table below shows the 
concordance between the previous claims and the new claims. 



Previous claim 


New claim 


3 


38, 39 


34 


40 


35 


41 


29 


42, 43 


18 


44 


20 


45 


21 


46-56 


36 


57 


37 


58-68 



Applicants appreciate Examiner Wehbe's time and helpful 
discussion with Applicant and Applicant's representative in the 
interview on April 2, 2003. 

Rejection Under 35 U.S.C. § 112, First Paragraph 

The rejection of claims 3, 4, 18-21, 29, 31, 32 and 34- 
37 under 35 U.S.C. § 112, first paragraph, as allegedly lacking 
enablement is respectfully traversed. Applicant respectfully 
maintains that the specification provides sufficient description 
and guidance to enable the claimed methods and compositions. 

With regard to the alleged lack of enablement of 
nucleic acids other than plasmid DNA, Applicant respectfully 
maintains, for the reasons of record, that the specification 
provide sufficient description and guidance to enable nucleic 
acid molecules comprising a B cell expression element 
operationally linked to a nucleic acid sequence encoding one or 
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more heterologous epitopes. Nevertheless, to further 
prosecution, the claims have been amended to recite "plasmid 
vector." Accordingly, it is respectfully requested that the 
enablement rejection regarding "any type" of nucleic acid be 
withdrawn . 

Regarding routes of administration, Applicant 
respectfully maintains, for the reasons of record, that the 
specification provides sufficient description and guidance to 
enable routes of administration other than intrasplenic 
administration, in contrast to the assertion in the Office 
Action. As discussed with the Examiner in the interview, new 
claims have been added to separately claim in vivo (claims 38, 41 
and 42) and ex vivo (claims 39, 4 0 and 43) administration. 

With regard to in vivo administration, Applicant 
maintains, for the reasons of record, that in vivo administration 
of a plasmid vector is enabled by the teachings in the 
specification. With regard to administration to a lymphoid 
tissue, Applicant respectfully disagrees with the assertion that 
only intrasplenic administration is enabled. As evidence for the 
enablement of administering to lymphoid tissues other than spleen 
for stimulation of an immune response, attached herewith as 
Exhibit 1 is a Rule 132 Declaration by Dr. Zanetti directed to 
enablement of the claimed invention. The Rule 132 Declaration 
describes information discussed in the interview held on April 2, 
2003. In the Declaration, Dr. Zanetti avers that there is a high 
percentage of B cells in lymphoid tissues and it would therefore 
be expected that intrasplenic administration is exemplary of 
adminstering to a lymphoid tissue to stimulate an immune 
response . As further evidence for the enablement of 
administering a plasmid vector to a lymphoid tissue to stimulate 
an immune response, attached herewith as Exhibit 2 is a reference 
by Maloy et al . , Proc , Natl. Acad. Sci . USA 98:3299-3203 (2001) . 
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Maloy et al . describes intralymphatic administration of DNA and 
stimulation of an immune response. In light of the teachings in 
the specification/ and as corroborated by the evidence provided 
in Exhibits 1 and 2, Applicant maintains that the administration 
of a plasmid vector to a lymphoid tissue to stimulate an immune 
response is enabled. 

With regard to ex vivo administration, it is 
respectfully maintained that the specification provides 
sufficient description and guidance to enable ex vivo 
administration. The specification teaches that a nucleic acid 
molecule can be administered in vivo or ex vivo (see, for 
example, page 58, line 12, to page 59, line 9) . Corroboration of 
the enablement of ex vivo administration and stimulation of an 
immune response was provided in the previous response mailed on 
November 12, 2003. In particular, the Rule 132 Declaration 
provided as Exhibit B with the previous response described 
successful ex vivo administration for stimulation of an immune 
response. Cells transfected ex vivo induced protective immunity 
against influenza A virus infection. In another example, cells 
transfected ex vivo induced protective immunity against tumor 
formation . 

Further corroboration of the enablement of ex vivo 
administration to stimulate an immune response is provided in the 
Rule 132 Declaration submitted herewith as Exhibit 1. Ex vivo 
administration of nucleic acids containing a B cell expression 
element resulted in transgenesis and expression of the marker 
enhanced green fluorescent protein (EGFP) . B lymphocytes from a 
variety of species, including human, were found to undergo 
transgenesis when a plasmid vector containing a B cell expression 
element was administered to B lymphocytes ex vivo. Therefore, in 
light of the teachings in the specification, and as corroborated 
by the evidence provided as Exhibit B in the previous response 
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and as Exhibit 1 in the present response, Applicant maintains 
that both in vivo and ex vivo administration of nucleic acids can 
be used to stimulate an immune response. 

In light of the above, and as corroborated by the 
evidence provided in Exhibit B in the response filed November 12, 
2002, and in Exhibit 1 submitted herewith, Applicant respectfully 
maintains that the claimed methods and compositions are enabled. 
Accordingly, Applicant respectfully requests that this rejection 
be withdrawn. 

Rejection Under 35 U.S.C. § 112, Second Paragraph 

The rejection of claims 19 and 20 under 35 U.S.C. § 
112, second paragraph, as allegedly indefinite is respectfully 
traversed. The rejection of claim 19, which no longer recited 
the phrase "T cells" or "dendritic cells," has been rendered moot 
by cancellation of this claim. 

With regard to claim 20, this claim has been canceled, 
and substituted with new claim 45. Claim 45 incorporates the 
suggestion by the Examiner to recite "polypeptide antigen." 
Accordingly, it is respectfully submitted that claim 45 is clear 
and definite. 

Rejection Under 35 U.S.C. § 103 

The rejection of claims 3, 4, 18, 19, 29, 31 and 35 
under 35 U.S.C. § 103 as allegedly obvious over Hurpin et al., 
Vaccine 16:208-215 (1998), in view of Banerji et al . , Cell 
33:729-740 (1983), is respectfully traversed. Applicant 
maintains that the claimed methods are unobvious over Hurpin et 
al . in view of Banerji et al . The rejection of claims 3, 4, 18, 
19, 29, 31 and 35 has been rendered moot by the cancellation of 
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these claims. The comments below are directed to new claims 38- 
68. 

Applicant maintains, for the reasons of record, that 
there was no motivation to combine the cited references and no 
reasonable expectation of success. With regard to Hurpin et al . , 
this reference describes using an attenuated canary pox virus 
(ALVAC) recombinant ly expressing human wild type p53 antigen. 
Hurpin et al . describes intravenous, subcutaneous, intramuscular 
and intrasplenic administration of the ALVAC expressing p53 
antigen (page 210, second column) . The subcutaneous and 
intramuscular routes failed to induce specific cytotoxic T 
lymphocytes (CTLs} whereas the intravenous and intrasplenic 
routes did induce CTLs {page 210, second column and Figure 1), 
"although it [intrasplenic administration] was not clearly 
superior to the intravenous route (page 211, first column, first 
sentence) . Therefore, there was no advantage of intrasplenic 
administration over intravenous administration. Hurpin et al. 
also describes using a naked DNA plasmid encoding human wild type 
p53 (paragraph bridging pages 211 and 212) . The plasmid was 
administered intradermally and intramuscularly, but there is no 
description of intrasplenic administration of plasmid DNA (page 
212, first paragraph) . 

Furthermore, Hurpin et al. indicate that immunization 
with the viral vector conferred partial but statistically 
insignificant protection in mice challenged with tumor cells 
(page 212, paragraph bridging first and second columns) . In 
contrast to the partial protection induced by intravenous 
administration of the recombinant virus, intradermal immunization 
with the plasmid vector induced complete protection (page 212, 
paragraph bridging first and second columns) . In a second tumor 
challenge model, statistically significant partial protection was 
only induced with intradermal administration of plasmid DNA but 
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not intravenous administration of viral vector (paragraph 
bridging pages 212 and 213). Moreover, Hurpin et al . discloses 
that "[I]t is also worth bearing in mind that DNA induced CTLs 
when given intradermally or intramuscularly, which are inherently 
more practical and less likely to raise safety concerns than the 
intravenous route used with the recombinant virus" (paragraph 
bridging pages 213 and 214). Therefore, Hurpin et al. clearly 
teaches that intradermal administration of the recombinant vector 
is more effective and safe. 

In summary, Hurpin et al. does not teach or suggest 
intrasplenic administration of plasmid DNA. Furthermore, given 
that plasmid DNA gave protective immunity with intradermal 
administration, one skilled in the art would have had no 
motivation to modify the plasmid vector to include a B cell 
expression element. Therefore, the claimed methods are unobvious 
over Hurpin et al . 

With regard to Banerji et al . , Applicant respectfully 
disagrees with the assertion on page 10 of the Office Action that 
the "increased activity of the immunoglobulin enhancer element 
compared to a viral enhancer element taught by Banerji et al . 
provides sufficient motivation for the skilled artisan to use the 
immunoglobulin enhancer over a viral enhancer." In contrast to 
this assertion, Banerji et al. indicates that "[T]his [mouse 
immunoglobulin] enhancer element behaves similarly to the SV4 0 
viral enhancer" (page 729, column 2, last paragraph of 
Introduction; emphasis added). Furthermore, Banerji et al . 
discloses that the plasmid with the wild-type arrangement of the 
SV40 enhancer-promoter "gives higher values of T-antigen-positive 
cells than p24pE+ containing the Ig enhancer and the truncated T- 
antigen gene" (page 733, Table 1, footnote b) . Banerji et al . 
further indicates that the "Ig gene segment is similar to the 
SV4 0 enhancer in that it can serve, in a transient expression 
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assay, to enhance transcription of a gene when it is placed in 
either orientation, up to 500 bp upstream, or 2500 bp downstream, 
from the promoter of a nearby gene" (page 731, second column, 
first complete paragraph, last sentence; emphasis added) . 
Accordingly, based on the description in Banerji et al . , there is 
no motivation to select the immunoglobulin enhancer over a viral 
enhancer because Banerji et al . teaches that they behave 
similarly. 

As discussed above, Hurpin et al . does not teach or 
suggest intrasplenic administration of plasmid DNA. Furthermore, 
Hurpin et al. provides no motivation to modify the plasmid vector 
to include a B cell expression element given that protective 
immunity was achieved with intradermal administration. 
Therefore, the claimed methods are unobvious over Hurpin et al . 
Moreover, there is no motivation to combine Hurpin et al . with 
Banerji et al . and select the immunoglobulin enhancer described 
by Banerji et al . Accordingly, the claimed methods are unobvious 
over Hurpin et al . , alone or in combination with Banerji et al . 
Therefore, Applicant respectfully requests that this rejection be 
withdrawn . 

CONCLUSION 

In light of the amendments and remarks herein, 
Applicant submits that the claims are now in condition for 
allowance and respectfully requests a notice to this effect. The 
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Examiner is invited to call the undersigned agent or Cathryn 
Campbell if there are any questions. 



Respectfully submitted, 




Deborah L. Cadena 
Registration No. 44,048 
Telephone No. : (858) 535-9001 
Facsimile No. : (858) 535-8949 



McDERMOTT, WILL & EMERY 
4370 La Jolla Village Drive 
Suite 700 

San Diego, California 92122 
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Intralymphatic immunization enhances 
DNA vaccination 

Kevin J. Maloy***, Iris Erdmann*, Veronique Baser. \ Sophie Sierro T , Thomas A. Kramps t ( Rolf M. Zinkernagel*, 
Stefan Oehen*, and Thomas M. Kundig* 

•Department of Dermatology, and institute of Experimental Immunology, Universitatsspita! Zurich, Schmelzbergstrasse 12, CH-8091 Zurich, Switzerland 
Contributed by Rolf M. Zinkernagei, December 29, 2000 



Although DNA vaccines have been shown to elicit potent immune 
responses in animal models, initial clinical trials in humans have 
been disappointing, highlighting a need to optimize their immu- 
nogenicity. Naked DNA vaccines are usually administered either 
i.m. or intradermally. The current study shows that immunization 
with naked DNA by direct injection into a peripheral lymph node 
enhances immunogenicity by 10Q- to 1,000-fold, inducing strong 
and biologically relevant CDS* cytotoxic T lymphocyte responses. 
Because injection directly into a lymph node is a rapid and easy 
procedure in humans, these results have important clinical impli- 
cations for DNA vaccination. 

The discovery that administration of eukaryotic plasmid vec- 
tors could lead to the expression of cloned genes in mam- 
malian tissues (1) led to the evaluation of such vectors as naked 
DNA vaccines. Potent and long-lived cell-mediated and humoral 
immune responses have been demonstrated after the injection of 
naked plasmid DNA into the dermis or muscle tissue of mice 
(2-4). Immune responses to DNA vaccines have been elicited in 
a number of species, including mice, chickens, cattle, and pri- 
mates, against antigens from a variety of different pathogens, 
including influenza virus (2), rabies virus (5), hepatitis B virus 
(6), Plasmodium (7), Mycobacterium tuberculosis (8), and HIV 
(9). Protection has been observed in many different infectious 
disease models, including influenza, malaria, hepatitis B, and 
HIV (2, 6, 7, 9). DNA vaccination has also been successfully used 
to elicit antitumor immunity (10), and a recent report documents 
successful immunotherapy of established tuberculosis in mice by 
DNA vaccination (11). Thus, DNA vaccines have the potential 
to be used both prophylactically and therapeutically. 

In contrast to the numerous reports of the potency of DNA 
vaccines in mice, initial results from clinical trials in humans have 
been disappointing (12, 13). Much higher doses of DNA vaccines 
were required to elicit detectable immune responses in humans 
than had been expected based on animal studies, and the 
magnitudes of human antibody and cytotoxic T lymphocyte 
(CTL) responses were considerably lower than those observed in 
mice (12, 13). Therefore there is clearly a need to optimize the 
immunogenicity of DNA vaccines to permit their effective use in 
humans. 

One parameter that may influence the immunogenicity of any 
vaccine is the amount of antigen that is presented in organized 
lymphoid tissues. Although most vaccination schedules have 
administered naked DNA either by i.m. injection or by intra- 
dermal (i.d.) administration with the use of- a gene gun, there is 
strong evidence that the immune responses elicited by DNA 
vaccination occur after presentation of antigen by professional 
bone marrow-derived antigen-presenting cells (14, 15), via direct 
transfection of local dendritic cells, which then migrate to the 
draining lymph nodes (10, 16, 17). Because naive~T cells are 
restricted to recirculating between blood and secondary lym- 
phoid tissues (18-20), the efficacy of priming of naive T cells 
correlates with the strength and duration of antigenic stimulus 
in secondary lymphoid organs (21). In fact, even large amounts 
of immunogenic antigens can be ignored by the immune system, 



as long as they remain outside organized lymphoid tissues 
(21, 22). 

We have applied this concept in the context of DNA vacci- 
nation, by comparing conventional routes of immunization (i.m. 
or i.d.) with direct administration of naked DNA to secondary 
lymphoid organs. Our results show that immunization with a 
plasmid DNA vaccine directly into organized lymphoid tissues is 
100- to 1,000-fold more efficient than immunization via conven- 
tional routes and suggest that infra-lymph node (Lin.) adminis- 
tration is a potent means of optimizing the immunogenicity of 
DNA vaccines for human use. 

Materials and Methods 

Mice. C57BL/6 (H-2 b ) mice and immunodeficient RAG1~ /- 
(H-2 b ) mice were obtained from the breeding colonies of the 
Institut fur Zuchthygiene, Tierspital, Zurich, Switzerland, and 
were between 8 and 12 weeks of age when first used. 

Viruses. Lymphocytic choriomeningitis virus (LCMV) isolate 
WE (23) was grown on L929 ceils (ATCC CRL 1) with a iow 
multiplicity of infection. Recombinant vaccinia virus expressing 
the LCMV glycoprotein (G) (Vacc-G2; ref. 24) was grown and 
plaqued on BSC 40 cells. 

Plasmids. pEGFPL33A was constructed from the pEGFPN3 
vector (CLONTECH) as described (25). pEGFPL33A contains 
a DNA insert coding for the immunodominant CTL epitope 
from the LCMV-G (gp33; amino acids 33-41), flanked N- 
terminally by three leucines and C-terminally by four alanines, 
fused to the enhanced green fluorescent protein. The plasmid 
has the cytomegalovirus promoter and a kan/neo resistance 
gene. The plasmid was used to transfect competent Escherichia 
coli, and positive colonies were selected with the use of LB 
containing kanamycin. Plasmid DNA was isolated with the use 
of a CONCERT maxi-prep kit (GIBCO/BRL) according to the 
manufacturer's instructions. 

immunizations. Mice were immunized 1-6 times with the indi- 
cated doses of pEGFPL33A DNA or pEGFPN3 DNA diluted in 
PBS, in the following volumes: i.m., 50 jxl into quadriceps muscle 
in rear leg; i.d., 25 ptl into abdominal skin; intrasplenic (i.spl.), 
10 jllI; Lin., 10 jul into inguinal lymph node. For multiple 
immunization schedules, the opposite inguinal lymph node or 
quadriceps muscle was used after the third injection. Positive 
control mice received 500 plaque- forming units (pfu) LCMV i.v. 



Abbreviation!; LCMV, lymphocyticchoriomeningitis virus; G. glycoprotein: Vacc-GJ, recom- 
binant vaccinia virus expressing LCMV-G; i.d., intradermal; i.spl.. intrasplenic i.ln., intra- 
lymph node; pfu plaque-forming units; CTL, cytotoxic T lymphocyte. 

'To whom reprint requests should be sent at the present address: Sir William Dunn School 
of Pathology, University of Oxford, South Parks Road, Oxford OX1 3RE. United Kingdom. 
E-mail: kevin.maloy«path.o».ac.u)t. 
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EXHIBIT 2 



CTL Assays. CTL responses specific for the gp33 CTL epitope were 
measured with the use of a standard 51 Cr release assay and EL4 
target cells that had been pulsed with 10" 6 M LCMV-G peptide 
gp33 (KAVYNFATM) as described (26). Secondary CTL re- 
sponses were assessed after in vitro restimulation with irradiated 
LCMV-infected peritoneal exudate macrophages as stimulator 
cells as described (27). The specificity of CTL activity was 
assessed by examining the lysis of unpulsed EL4 target ceils. 

Assessment of Antiviral Immunity in Vivo. To assess systemic anti- 
viral immunity, mice were infected with 5 x 10 4 pfu LCMV-WE, 
and 4 days later spleens were isolated and LCMV titers were 
determined by a LCMV infectious focus assay as described (28). 

To assess antiviral immunity in peripheral organs, female mice 
were infected i.p. with 5 X 10 6 pfu of Vacc-G2. Ovaries were 
harvested 5 days later, and the vaccinia titers were determined 
on BSC 40 monolayers as described (29). 

Assessment of Antitumor Immunity in Vivo. The EL4-33 cell line 
was generated by subcloning part of the LCMV-G (encoding 
amino acids 1-60) into a cytomegalovirus-driven eulcaryotic 
expression vector containing the geneticin resistance gene (A. 
Ochsenbein ct ai, personal communication). After electropora- 
tion into EL4 (H-2 b ) cells, stable lines were selected with G41S 
(0.8 mg/ml), and gp33 expression was confirmed by anaJysis in 
a 51 Cr release assay. EL4-33 tumor cells (10 6 ) were injected s.c. 
into the flank of immunodeficient RAGl _/ ~ mice (H-2 b ), and 
2 weeks later solid tumors were removed and dissected into small 
pieces (2x2x2 mm). The tumor pieces were transplanted into 
the flanks of C57BL/6 mice that had previously been immunized 
with pEGFPL33A DNA or pEGFPN3 DNA as described above. 
Tumor size was assessed every 3-4 days, and tumor volume was 
calculated by the formula V = abc/S, where a, b, and c are the 
orthogonal diameters (22). 

Results 

i.ln. Immunization Is the Most Efficient Way to Induce CTL Responses. 

To quantitatively compare the CDS + CTL responses induced by 
different routes of immunization, we used a plasmid DNA 
vaccine (pEGFPL33A) containing a well-characterized immu- 
nodominant CTL epitope from the lymphocytic choriomenin- 
gitis virus glycoprotein (LCMV-G) (gp33; amino acids 33-41) 
(25), as this system allows a comprehensive assessment of 
antiviral CTL responses (30). Mice were immunized with titrated 
doses (200-0.02 u,g) of pEGFPL33A DNA or of control plasmid 
pEGFP-N3, administered i.m., i.d., i.spl., or i.ln. Ten days after 
immunization spleen cells were isolated, and gp33-specific CTL 
activity was determined after secondary in vitro restimulation 
(30). As shown in Fig. 1, i.m. or i.d. immunization induced weakly 
detectable CTL responses only when high doses of pEFGPL33A 
DNA (200 tLg) were administered. In contrast, potent gp33- 
specific CTL responses were elicited by immunization with only 
2 ju.g pEFGPL33A DNA i.spl. and with as little as 0.2 p.g 
pEFGPL33A DNA given i.ln. (Fig. 1). Immunization with the 
control pEGFP-N3 DNA did not elicit any detectable gp33- 
specific CTL responses (data not shown). 

Similar thresholds for CTL detection were observed when a 
different readout system was used. Mice were immunized with 
titrated doses of pEFGPL33A DNA as above and were chal- 
lenged 10 days later with LCMV i.v. Four days after challenge 
spieen cells were isolated, and ex vivo CTL activity was assayed. 
This time point is too early to detect any primary CTL response 
to LCMV infection in naive mice (Fig. 2, Controls), but it allows 
the detection of anamnestic CTL responses in mice that have 
previously been immunized (Fig. 2, LCMV). As before, mice 
immunized with 200 u.g i.m. showed only weak anamnestic CTL 
responses after LCMV challenge, which were not detectable 
when lower immunizing doses of DNA were used (Fig. 2). Those 
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Fig. 1. i .in. immunization is the most efficient way to induce antiviral CTL 
responses. Groups of two C573L/6 mice were immunized once with 
p£GFPL33A (0. 02-200 ^.g) given i,d. or i.m. or i.spl. or i.ln. Positive control mice 
received 500 pfu LCMV i.v. Ten days after immunization spleen cells were 
isolated, and gp33-specific CTL activity was determined after secondary in 
vitro restimulation. Symbols represent individual mice; one of three similar 
experiments is shown. 



immunized by the i.spl. route showed strong anamnestic CTL 
responses that titered out at an immunizing dose of 2 uvg 
pEFGPL33A DNA, whereas the Un. route of immunization was 
again more efficient, with anamnestic CTL responses detectable 
when only 0.2 /xg pEFG?L33A DNA was administered (Fig. 2). 
These results clearly demonstrate that administration of plasmid 
DNA directly into lymphoid tissues is 100- to 1,000-fold more 
efficient than i.d. or i.m. routes for the induction of CTL 
responses. In addition, they show that the i.l.n. route is around 
10-fold more efficient than the i.spl. route. 

Repetitive Immunization with Plasmid DNA Induces Specific CTL 
Irrespective of the Route of Immunization. In the next series of 
experiments, we attempted to determine whether our piasmid 
DNA vaccine was able to induce specific CTL responses after 
repetitive immunization by various routes. Mice were immu- 
nized three times with pEGFPL33A DNA or with the control 
plasmid pEGFP-N3, administered i.m. (200 u.g per immuniza- 
tion), i.spl. (20 jitg per immunization), or i.k*(20 ^ per 
immunization). Seven days after the final immunization spleen 
cells were isolated, and gp33 -specific CTL activity was deter- 
mined after secondary in vitro restimulation. As shown in Fig. 3, 
after repetitive immunization with pEGFPL33A DNA, gp33- 
specific CTL responses were detected by all routes of immuni- 
zation. As expected, repetitive immunization with the control 
pEG'FP-N3 DNA did not elicit any detectable CTL responses 
(Fig- 3). 
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Fig. 2. Un. immunization is the most efficient way to induce antiviral 
anamnestic CTL responses. Groups of two C57 3L/6 mice were immunized once 
with p£GFPL33A (0.2-200 ^g) given i.d. or i.m. or i.spl. or i.!n. Positive control 
mice received 500 pfu LCMV i.v. Ten days after immunization mice were 
challenged with 5 x 10* pfu LCMV i.v., and 4 days later spleen cells were 
isolated and ej< vivo CTL activity was assayed. Symbols represent individual 
mice; one of two similar experiments is shown. 



i.In. Immunization Can Elicit Protection Against Systemic and Periph- 
eral Virus Infection. To determine whether the enhanced CTL 
responses elicited after i.ln. immunization with plasmid DNA 
were able to qualitatively influence antiviral immunity, we used 
challenge infections with LCMV 'or with Vacc-G2 as models of 
systemic and peripheral virus infection, respectively. When 
systemic antiviral immunity was assessed by challenging the 
immunized mice with a high dose of LCMV i.v., mice that had 
been immunized once with 200 jug pEGFPL33A DNA i.m. 
showed only partial and incomplete protection against systemic 
LCMV challenge, whereas those that had received 20 /xg of 
pEFGPL33A DNA by the i.spl. or i.in. routes were completely 
protected (Fig. 4/4). 

Eradication of Vacc-G2 infection from peripheral organs such 
as ovaries depends on the presence of high levels of recently 
activated effector CD8 + T cells (31, 32). Mice were immunized 
four times at 6-day intervals with pEFGPL33A DNA adminis- 
tered either i.m. (100 /xg per immunization) or i.ln. (10 u,g per 
immunization). Five days after the last immunization they were 
challenged with 5 X 10 6 pfu Vacc-G2 i.p.j and vaccinia titers in 
ovaries were assessed after an additional 5 days. Repeated i.m. 
immunization with pEFGPL33A DNA had no* influence on the 
growth of Vacc-G2 in peripheral tissues (Fig. 4B). In contrast, 
mice that were repetitively immunized with pEFGPL33A DNA 
by the i.ln. route were completely protected against peripheral 
infection with Vacc-G2 (Fig. 45). These results illustrate that 
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Fig. 3. Repetitive i.m, immunization with pEGr?L33A plasmid DNA induces 
gp33-specific CTL. Groups of three C578L/6 mice were immunized three times 
(on days 0, 7, and 14) with OEGFPL33A or with the control piasmid p£GFP-N3, 
given i.m. {200 ^g per immunization) or i.spl. (20 per immunization) or i.ln. 
(20 per immunization). Seven daysafterthe final immunization spleen cells 
were isolated, and gp33-specific CTL activity was determined after secondary 
in vitro restimulation. Positive control mice received 500 pfu LCMV i.v, Symbols 
represent individual mice; one of two similar experiments is shown. 



although repeated i.m. immunization with naked DNA induced 
.detectable CTL responses, these were never of sufficient mag- 
nitude to offer protection against virus infection. In contrast, 
immunization with 10-fold lower amounts of DNA directly into 
lymphoid organs elicited quantitatively and qualitatively stron- 
ger CTL responses, which gave complete protection against 
systemic or peripheral virus challenge. 

i.ln. Immunization Elicits Enhanced Antitumor Immunity. Last, we 
attempted to determine whether the potent CTL responses 
elicited after i.in. immunization were able to confer protection 
against peripheral tumors. Mice were immunized three times at 
6-day intervals with 10 u-g of pEFGPL33A DNA or control 
pEGFP-N3 DNA. Five days after the last immunization small 
pieces of solid tumors expressing the gp33 epitope (EL4-33; A. 
Ochsenbein et aL, personal communication) were -transplanted 
s.c. into both flanks. Whereas the EL4-33 tumors' grew well in 
mice that had been repetitively immunized with control 
pEGFP-N3 DNA (Fig. 5), mice that had been immunized with 
pEFGPL33A DNA i.ln. rapidly eradicated the peripheral 
EL4-33 tumors (Fig. 5). 

Discussion 

The results presented here demonstrate that direct administra- 
tion of plasmid DNA vaccine into secondary lymphoid tissues is 
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Fig. 4. i.ln. immunization elicits protective immunity against systemic and 
peripheral virus infection. (A) Groups of three C57SL/6 mice were immunized 
once with p6GFPL33A given i.m. {200 ng) or i.spl. (20 ^g) 0 r i.ln. (20 ^g). 
Positive control mice received 500 pfu LCMV i.v. Ten days after immunization 
mice were challenged with 5 x 10* pfu LCMVi.v., and4days later spieens were 
isolated and LCMV titers were determined. Symbols represent individual mice; 
one of two similar experiments is shown. (B) Groups of three C57BL/6 mice 
were immunized four times at 5-day intervals with pEfGPL33A DNA admin- 
istered either i.m. (100 ^.g per immunization) or i.ln. {10 p.g per immunization). 
Five days after the last immunization they were challenged with 5 x 10 6 pfu 
Vacc-G2 i.p., and vaccinia titers in ovaries were assessed after a further 5 days. 
Symbols represent individual mice; one of two similar experiments is shown. 



a far more efficient means of generating antiviral CTL responses 
than immunizing via the currently used i.d. or i.m. routes. 
Around 100- to 1,000-fold fewer amounts of DNA were required 
to induce CTL responses when the DNA was administered 
directly into lymphoid organs. In particular, the i.ln. route of 
administration appeared to be the optimal method for the 
induction of CTL responses with a DNA vaccine. 

A recent study that compared the administration of a DNA 
vaccine by a number of traditional injection (including i.v., Lp., 
i.m., and i.d.) and noninvasive (including i.n., intrarectal, and 
imravaginal) routes found that the i.m., i.v., and i.d. routes were 
the most efficient, although direct administration of DNA into 
lymphoid tissues was not tested (33). However, our results 
concur with previous reports showing that repeated vaccination 
by the i.m. or i.d. routes with DNA encoding LCMV antigens 
induced only weak CTL responses, which conferred only partial 
antiviral protection against LCMV infection (25, 34-36). Simi- 
larly, we found that i.m. administration of pEFGPL33A DNA 
induced weak CTL responses only after immunization with high 
amounts of plasmid DNA (100-200 ptg) and offered only partial 
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Fig. 5. i.ln. immunization elicits protective antitumor immunity. Groups of 
six C57BL/6 mice were immunized three times at 6-day intervals with 10 ju.g of 
pEfGPL33A DNA or control pEGFP-N3 DNA, Five days after the last immuni- 
zation small pieces of solid EL4-33 tumors were transplanted s.c. into both 
flanks, and tumor growth was measured every 3-4 days. Mean tumor vol- 
umes * 1 SD are shown, and numbers in brackets indicate the ratio of the 
number of mice with tumors to the total number of mice in a group. One of 
two similar experiments is shown. 

protection against systemic LCMV infection. Thus DNA immu- 
nization by conventional routes is a suboptimal method of 
inducing protective immunity. 

In contrast, administration of pEFGPL33 A DNA directly into 
organized lymphoid tissues by i.spl. or i.ln. injection was a much 
more efficient means of inducing antiviral CTL responses. 
Titration of the immunizing dose showed that detectable CTL 
responses could be elicited by a single injection of only 2 juLg 
pEFGPL33A DNA i.spl. and by as little as 0.2 jug pEFGPL33A 
DNA given i.ln. Furthermore, the CTL responses induced by 
immunization into organized lymphoid tissues were sufficient to 
fully protect recipients against a challenge infection with LCMV, 
indicating that these routes also generated qualitatively stronger 
antiviral CTL immunity. Our results show that immunogenicity 
of DNA vaccines can be enhanced by up to 1,000-fold over the 
i.m. and i.d. routes when DNA is administered directly into a 
peripheral lymph node. We consistently found that i.ln. immu- 
nization was around 10-fold more potent in inducing CTL 
responses than i.spl. immunization. The reasons for this differ- 
ence are not clear, but it is possible that the higher perfusion rate 
of the spleen immediately washes out a large proportion of the 
injected DNA, thus lowering the dose available for cellular 
uptake. Alternatively, the smaller volume of the lymph node may 
result in higher local concentrations of naked DNA after injec- 
tion, which could account for the enhanced efficacy of CTL 
priming. 

Most vaccination schedules have administered naked DNA 
either by i.m. injection or by i.d. administration with a gene gun. 
Although muscle cells at the site of immunization have been 
shown to express the antigens encoded by DNA vaccines, there 
is strong evidence that the immune responses elicited by DNA 
vaccination are dependent on antigen presentation by local bone 
marrow-derived dendritic cells, which take up the DNA and then 
migrate to the draining lymph nodes (10, 14-17) However, there 
may be more than one mechanism involved, as there is also 
evidence that antigen-presenting cells may acquire and present 
antigens produced by other transfected cells (37). By using 
fluorescence-activated cell sorter analysis to detect green fluo- 
rescent protein expression, which was also encoded on our 
plasmid vaccine, we consistently observed that a small fraction 
(1%) of CD11C + lymph node cells expressed green fluorescent 
protein 24 h after i.ln. immunization with the pEFGPL33A DNA 
(data not shown), indicating that dendritic cells within the lymph 
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node acquire and express the naked DNA vaccine. Thus, direct 
administration of naked DNA into the lymph node may increase 
the presentation by dendritic cells, resulting in more efficient 
priming of T cell responses. 

That qualitatively superior CTL responses were elicited by i.ln. 
immunization was illustrated by the fact that repeated immuni- 
zation with pEFGPL33A DNA by the i.ln. route, but not by the 
i.m. route, was able to protect mice against a peripheral chal- 
lenge infection with Vacc-G2. Eradication of Vacc-G2 infection 
from peripheral organs such as ovaries depends on the presence 
of high levels of recently activated effector CD8 + T cells (29, 31, 
32) and is an important biological measure of immunity because 
many infections or tumors are primarily located in peripheral 
tissues. The qualitatively enhanced CTL responses were con- 
firmed by our assessment of antitumor immunity, where mice 
immunized i.ln. with pEFGPL33A DNA rapidly eradicated 
peripherally transplanted EL4-33 tumor pieces expressing the 
gp33 epitope. Thus intralymphatic immunization with a naked 
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DNA vaccine elicited qualitatively superior CTL responses that 
protected against peripheral challenge with either virus or 
tumors. 

In summary, our data clearly indicate that immunization 
directly into organized lymphoid tissues with a plasmid DNA 
vaccine elicited antiviral immunity that was qualitatively and 
quantitatively superior to what could be achieved by conven- 
tional inoculation routes and suggest that i.ln. administration 
couid be a potent means of optimizing the immunogenicity of 
DNA vaccines. In humans, injection into a s.c. lymph node is 
readily feasible with the use of ultrasound guidance and is a 
simple procedure that takes only a few minutes (Koch et al, 
personal communication). Therefore the presented data have 
important clinical impiications for the prevention or therapeutic 
eradication of infectious diseases or tumors in humans. 
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